
Udv.rsity of Cllifornb ( Berkeley
Deplrtn.ni of Phy3is
Phy3ica 3A. Spring 2003

You will be giren 170 ninutes to vork thisex!m, No b@ks, bul you may use a double{ided,
handwriuen note sheet no |rrger lhan an 8 I /2 by | | sheet of paper. No elecnonics ol any kind
(calcularor. cell phone. iPod, erc)are allowed.

Yourdesfiprionofrhephtsicsinvol*dinap.oblemiswoihsignincandynorethlnanynumerical
ansrer Showrllwork.rndbkspadicularcaietodplainrhatyouaredoing. Wrile you! lnspeE
dircctly on rhe cxan, and ifyou have ro use rhs back ofa sheet make sle lo puts note on the fsnt.
Do nor uss . blue book oi scdrcb E pei.

Edch pan is wonh the numberofpdint indicated. These should sum to 200plints. Selup and
explaiation are wonh aldo$all oflne p.inb. Clearly shre *hatyou are doing and why.In panicular
make sure rhatlou explain whar prin.iples and cdnservation rules you aE lpplyinC, and how they

Thcrc arc rwo pagos ofinlo z/ rre rz.* Youcanrerrrhemoffandkeepihemspamte ifyou d like.
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Read rhe p@blems c$efully,
Try ro do allthe problems,

If tou ger $uck, go on b tne nexl pFblem.
Donl give upl Try to renain relaxed and work $eadily.
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Pmblem 1 (,l5p.inrs) Rolling vs. Slidine.
A I kg wheeldftudius,R:0.5 m rolls *ithoutslipping
dorvn r dnp rhd makes an dnglc ofl0'r'ith rhe grcund.
Thc *hcel s.ns lion re$ wirh irs cemerolnas {a
hciehtr, = 3 5 m abovc thc gound. Thc ramp h.s a
cocficicnkf kincticfiiction/4= l/3. Youmay u*
!= l0 mA_, sin(30')= %, and cod30')= 0.9.

a) Ho* much sravitalionaL potenlial enersy does rhc
wheel lose by the rime t rcacheslhe cround?

b) what h thewheel'sroral klneric enelgy (including
Fralional KE) when it reaches dre Csundl

c )  What is there ld ionsh ipbetween lhe*hee l \
aneularvelociq, o, srd lts liDearrelociiy- r?

d) llrhe \heeLi 'no'nenr ofi',eftia is 1= ttn r, fien at an]' given rinc what lracrion olrhc *hc.ls
t lalkinetic enerey k ils linear klneic eNrCy?

e) No* dmw a rfte body diasnm for ! I ke r/o.lslidins down an identcalmmp.
,) whatislheoagnitudeorthenomal forceon lhe block?
E) whaththemagDitudeorthefo(eoflrictionaciinco.theslidin8block?
h) Ho* much work isdone by fliction on the block as il nides 6m alonafic ramp? check signs.
i) What h rhe block s kinetic enere] atthe bottom ofthe nmp? k fic whccl or block faner ar rhe
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Problen 2{l0poins) waterinaplpc z
warer a1a gause prssuE.fP.= 5 x 10" N/m is nowing
wi lhspeed!= l0n /s in ro ths lche.do fap ipe . *h ich is
clevated abolo the righl side olrhc pipe by l= l5m The
leftend.frhc pipe has acro$aedionalrrea,ll = I m':
bur the rvidrhoflhe isht side olrhe pipe can be adjusted
b Cet r rrngc of values for,rr A \tandtipe isinscned
intolhe righr side ofthe pipe. No qaie! is flowine into or
outofrhe $andpipe- which h opcn to lhe aldosph* on
therop.Thedcnsiryofwatern 1000kC/m' Youmay
ignore vis.ous dEg tbrces.

a) WhaL volume ofwaterpasses through rhe pipc in l0 sec
b) If,lr =,.1., fien how fa$ n sakr fl.wingon fie rightsi
c) In lh,r casc, Nhat h the prcsure- Pa on rhc dshl side?

gaug. or absoruE pe$urc.
d) In ihat case. hor high will $e *arer lclcl bc in lhe stan
e) Now a workman adiues lhe widrh dfthc pipe on the ri-E

spccd. !+ fin $ould be requiRd un rhc ri-!l'rsideinurd
0  In  oder  ro  :ch 'e 'c  rhn .  shor 'a l (  lo r , l r  i \  re+r td  b
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Pob f r  ' r ' r  po  1 r ' )  4m!J  '  ' nd  l oqJe
\ ' r npknooc lo  f ,  a t . dep i ' cda r ' he ' i dh r  l . o r ' "  0

lenic;l barconnecred via a hinse d rheelbow ro a scond bar

reDr .en t ' 1 - .he  fo  e 'm ,  
" l - , \  

' '  / , .  0 lT ron tand \d  t ras

V ; " -  2 \ ! ; q r€ l l r  ob r ' b rFd  '  os ib  e lb r l '  l heb !eP ! t ru ' l r
connedso lhe to redm00 .1mr romtheh in ! .  and (heJ rm a

supponingaM"= l0kqrveighr' Thcmonentoiineni!ofabrr
,hout one cnd is / = Mt-l3.

a) MaLc a iree bodJ disgmm oflhe foreJm andnsr.r
' c .ond .  e { .  dcd  d i semn +os i rB  }nc ' c  es .5  o ' ' \ c  f o r .e
h actinc on thc lorelm

ht  Usngrhe h inEcas)nurP,vo tp ! inL  \h  i s  'e 'u rqdc  due
'o t te l0 l s rc 'e l r  p l .a .c i rdcde)uL .on \e r r ' . l o rpoJ" ! r ' o 'o te

.l whd forc;Bibe exencd d lhe biacps muscle on thc foream to keep the am fom moving?
d' $ na . rl-e nacoirrde dnd ditcr'on o rne one ol.te fo-zm on rle !edi"l bar'
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PFblen4 (25 loinls) H@odicosciualor.
A block wilh a ms ofM= 2 ke Bt! on a friclionless ho.izonlal surface sd n is anached ro .
(d.$le$ & lriclionle$) spii.e with sprins constlnt t = I3N/n At I = 0 s. lhe block is reletsd al
E$ from posilion Ar = 2 n f6n iB equilibrium posilio.. ̂ 1 = 0 You may use r ; I

a) Hov much poicdtitl cn$gy is stored in the spri.g at I = 0?
b) What is the kineric cncrsy oflhe m6s righr whcn il re&hcs the equilibiun pdition?
c) what is rhe speed oflhe nas 6 it &rhes lhc equilibrium posnion?
d) whdt is rhe r.sular tcquenoy, @, of the block s oscillalion?
e) At whrt linc does the block fiar cro$ thc cquilibrium position?
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6oto poini , lo .l Expliin your reMning,
c) lfq,=2.4r l0)j alonslhe palh nom poinl b to c, vhoi is lhe wo* done rr the sds rDn 6 ro .?
d) Hor nuch work is do.e b, fie gos frcm point . lo d
e) Hor nuch woik is done btrhe gs along the pllh./+e? {ro9,g_
D lrtnechangeine.o4y,dr.-,frompoinlstopointakl.Tj,lhenbowolchworkisdoner:r

lhe gas aldng rhis patl?
g) How nuch net work h done b, the cngine durinc one full oycle (,+b+c+d+e-o),
h) Whar is rhe net chrnge in e,tupr, dJ.-., in lhe gas along ihe following path: a+b+.-t-e?

Pk6€ justirt toui amwc-

^ ) -3ot^ tz- ')^t=-3*, ^ '  ='Z7a9U-=-g, -; i

"*",1e"
l )  c6"o .  T=)  . ,q r i  L : ,  r .a €- |  )uF\ :

Problen 5 (45 poin*) Ptldiasmm ofa peculio! heal engine.
Consider a hear en8inc lhar undcrco6 the cycle sho*n in lhe
P / d iag6s ar thc ri8ht. lt consisls of a (non monoatonic)
ideal grs thal uhdergoes o constant prcssure expansidn fon
poinl / io poinl b. 0 conslant lemp€ratuE expdsio. fiom b to
c a consllnt volume path fFn . to 4 a conndi pre$ure
(ompEsion fom d lo s. Md an adiabtic (O, = 0) -
compF$ion frcme bKk toa. larm= l0 Pa= Io"N/m'.

a) HoN much work is done 6r, the s.s .lone lbe palh
liom poinr z ro b? Please chak your signs.

b) what is the chanee in.ncBy in l6e e6 alone the psth
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PFbkm o (20 poinrs)Tes ume on $e mounbin

exchmsed belteen lne ketll€ tdd the atr
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